
Combining biopsy tools improves
mutation detection rate in central
lung cancer

To the Editor:

Molecular genetic testing (such as next-generation sequencing (NGS)) and programmed death ligand 1
(PD-L1) staining have become essential for the evaluation of lung cancer tissue [1, 2]. Endobronchial
forceps biopsy (FB) is considered the gold standard for tissue sampling in central lung cancer [3].

In this prospective pilot trial, it was analysed, whether the combined analysis of FB, endobronchial
ultrasound-guided transbronchial needle aspiration (EBUS-TBNA) samples from the primary tumour
(EBUS-TBNA-TU) and mediastinal lymph nodes (EBUS-TBNA-LN), and peripheral blood
plasma-derived circulating tumour DNA (ctDNA) improves the detection rate of oncogenic mutations and
PD-L1-positivity.

Prospective pilot trial in 30 consecutive subjects with central lung cancer (10 female; median age 66 years;
29 current/ex-smokers). The sequence of FB and EBUS-TBNA tissue sampling was randomised to avoid
sampling bias. Inclusion criteria were computed tomography with suspected endobronchial tumour
infiltration, indication for bronchoscopic sampling and written informed consent. The study was approved
by the Ethics Commission of Cologne University’s Faculty of Medicine and registered on www.
clinicaltrials.gov (NCT03017183).

Flexible videobronchoscopy (BF-H190; Olympus, Tokyo, Japan) and EBUS bronchoscopy (BF-UC180F;
Olympus) was performed in each subject. Biopsies were sampled by FB (FB 231D; Olympus) and
EBUS-TBNA (NA-201SX-4021; Olympus).

Histological samples were analysed by standard staining protocols. PD-L1 immunohistochemistry (IHC)
(Dako-22C3-pharmDx; Agilent, Santa Clara, CA, USA) was described by a five-level score [4, 5].

Areas with tumour cells were marked with a thin marker on the coverslip. Only marked areas were used
for DNA extraction (QIAsymphony DNA kit; QIAGEN, Hilden, Germany). Mutational analysis was
performed by massively parallel sequencing (Ion-AmpliSeq Custom DNA Panel and Ion-AmpliSeq Library
Kit 2.0; Thermo-Fisher-Scientific, Waltham, MA, USA). Overall, 69 exons were analysed in every subject.
Libraries were generated by adapter ligation and target enrichment (Gene-Read DNA Library I Core Kit
and Gene-Read DNA I Amp Kit (QIAGEN), and NEXTflex DNA Barcodes (BioScientific, Austin, TX,
USA)). 12 pmol of the constructed libraries were sequenced on the MiSeq (Illumina, San Diego, CA,
USA). Computational analysis was performed to detect relevant somatic mutations in a quantitative
manner [6]. Allele frequency is given in percent of mutated DNA copy numbers. NGS analysis was not
performed in case of small cell lung cancer histology, as clinically useful driver mutations are rare in this
tumour [7]. Fluorescence in situ hybridisation testing was performed for ALK translocation analysis [8].
ctDNA was extracted from blood plasma (QIAamp circulating nucleic acid kit; Qiagen) and was subjected
to NGS.

Descriptive statistics are presented as n (%) as well as median (interquartile range) where appropriate. The
number of detected mutations, the median number of mutations per patient and the adjusted mutation
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frequency were compared between sampling techniques. In case of non-normal distribution, the Wilcoxon
signed-rank test was applied to determine p-values.

EBUS-TBNA-TU and FB of the central tumour were performed in all 30 subjects. Except for one FB
sample, malignancy could be detected in all samples. Sampling of lymph nodes detected malignancy in 16
out of 29 analysed cases.

The final pathomorphological classifications were nine squamous cell carcinoma (SCC); seven
adenocarcinoma; six small cell lung cancer (SCLC); four non-small cell lung cancer, not otherwise
specified (NSCLC/NOS); one mixed carcinoma (SCC+SCLC); one adenoid-cystic carcinoma; one typical
carcinoid and one mucoepidermoid carcinoma.

Out of 30 cases, six cases with SCLC and one case with SCLC/SCC histology were not subjected to NGS.
NGS data were available from 21 of the remaining 23 subjects (91%). In two cases, EBUS-TBNA-TU and
FB did not yield enough material. NGS was performed in both, EBUS-TBNA-TU and FB samples, in 20
patients, while in one case only FB provided enough material.

In these 20 subjects, overall 1380 exons have been analysed. Comparing FB and EBUS-TBNA-TU,
congruent findings could be determined in about 1371 exons. By this, the accordance between both
sampling methods was 99.3%.

NGS from FB samples detected 28 mutations (table 1). Compared with FB analysis alone, the analysis
of EBUS-TBNA-TU samples from the 20 subjects considered for comparative analysis revealed
four additional mutations. This led to a slight increase of the median (interquartile range) number of
detected mutations per patient from 1.0 (1.0–2.0) to 1.5 (1.0–2.3), which was not statistically significant
(p=0.102).

The overall median tumour cell content in the samples used for NGS analysis was 48% (30–70%) in
EBUS-TBNA-TU samples and 46% (30–60%) in FB samples.

The material was sufficient for NGS analyses in eight out of 16 tumour-positive EBUS-TBNA-LN samples.
Based on the combined analysis of FB and EBUS-TBNA-TU samples, the additional evaluation of LN
biopsies detected one additional mutation, which did not change the median number of detected
mutations per patient (p=0.317).

16 out of 20 blood plasma samples were available for ctDNA analysis. Mutations could be detected by
NGS in seven subjects. No additional mutations could be detected compared with NGS results from
histology samples.

PD-L1 IHC was performed in both EBUS-TBNA-TU and FB samples in 25 subjects, where material was
sufficient for PD-L1 staining. Compared with FB alone, EBUS-TBNA detected three additional
PD-L1-positive cases (PD-L1 positivity in 64%). By combining results from EBUS-TBNA and FB samples,
a PD-L1 positivity ⩾50% could be detected in seven (28%) out of 25 subjects.

ALK fluorescence in situ hybridisation was negative in all samples from all subjects.

In this study, tumour detection rate and congruency were very high for FB (97%) and EBUS-TBNA
(100%). Comparing NGS results from FB and EBUS-TBNA-TU in terms of accordance of exon findings,
the congruence was 99.3%. These data demonstrate the high reproducibility and reliability of NGS analysis
in lung cancer.

Combining tissue sampling by EBUS-TBNA-TU and FB improved the mutation detection rate. The
combined sampling elevated the detection rate of PD-L1 positivity.

These data may be of clinical relevance as, according to the approval status, only positive test results allow
access to targeted first-line therapy. Data from this study suggest that there is no superiority of one
sampling technique regarding NGS results, adjusted mutation frequency and tumour cell content. It
remains unclear whether the detection rates may be increased solely by enlarging the sampled tissue or by
a greater spread of biopsies over the accessible tumour region [9, 10].

A previous study reported a 58% feasibility for both IHC and NGS in tumour-positive EBUS-TBNA
samples [11]. In our study, the feasibility of both tests was 91%. To address the limiting factor of a low
yield of tumour DNA, tumour enrichment strategies by demarcating and microdissecting tumour cell areas
may reduce false-negative NGS results [12].

To the best of our knowledge, this is the first prospective study in central lung cancer patients comparing
NGS data from FB, EBUS-TBNA-TU, EBUS-TBNA-LN and ctDNA with the sequence of endoscopic
sampling performed in a randomised order.
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Considering all data from this pilot study, a combined FB, EBUS-TBNA-TU and EBUS-TBNA-LN tissue
sampling approach may represent a sensitive tool for the detection of oncogenic mutations and PD-L1
positivity. ctDNA analysis should be considered as the last resort. However, the quantity of ctDNA isolated
from the plasma samples may be a limiting factor of this approach.

TABLE 1 Detected mutations and corresponding mutation frequency adjusted for tumour cell content (list of subjects where
next-generation sequencing analysis was initiated from tumour samples)

Subject Gene/exon/mutation Adjusted mutation frequency %

EBUS-TBNA FB Circulating tumour DNA

1 TP53/5/c.396>T p.K132N Insufficient
material#

19# Wildtype

2 Wildtype Wildtype Not performed
3 KRAS/2/c.35G>T p.G12V 10 9 13

TP53/5/c.455delC p.P152Rfs*18 2 4 Wildtype
TP53/5/c.747G>T p.R249S 14 Wildtype Wildtype

8 Insufficient
material#

Insufficient
material#

Not performed

10 EGFR/19/c.2235_2249del
p.E746_A750del

30 37 6

TP53/5/c.526T>G p.C176G 35 38 Wildtype
11 PTEN/1/c.53_54insAT p.D19Wfs*6 2 <1 Wildtype
12 KRAS/2/c.35G>C p.G12A 4 2 3
14 TP53/5/c.476C>T p.A159V 20 12 Wildtype

TP53/8/c.797G>T p.266V 14 7 Wildtype
15 KRAS/2/c.38G>A p.G13D 49 11 Wildtype

PIK3CA/9/c.1633G>C p.E545Q 72 7 Detected (mutation frequency could not be
quantified)

TP53/5/c.524G>A p.R175H 68 11 Detected (mutation frequency could not be
quantified)

16 Wildtype Wildtype Wildtype
17 KEAP1/2/c.1244G>T p.R415L 2 5 Wildtype

KRAS/2/c.37G>T p.G13C 2 4 Wildtype
18 TP53/8/c.796G>T p.G266* 15 9 Wildtype
19 KRAS/2/c.34G>T p.G12C 50 52 3

TP53/5/c.523C>G p.R175G 31 30 4
20 TP53/4/c.374C>T p.T125M 4 Wildtype Wildtype
21 KEAP1/2/c.404G>T p.R135L 22 30 Wildtype

KRAS/2/c.35G>A p.G12D 1 1 Wildtype
TP53/8/c.815T>A p.V272E 25 38 Wildtype

22 NFE2L2/2/c.101G>C p.R34P Wildtype 3 Wildtype
TP53/7/c.747delG p.R249Sfs*102 32 4 Wildtype

23 PIK3CA/20/c.3145G>C p.G1049R 14 14 Wildtype
TP53/5/c.479T>A p.M160K Wildtype 12 Wildtype

TP53/5/c.472_479delinsA p.R158Mfs*183 Wildtype 12 Wildtype
24 Insufficient

material#
Insufficient
material#

Wildtype

25 TP53/7/c.746G>T p.R249M Wildtype 42 Wildtype
26 PTEN/9/c.1117G>A p.E373K Wildtype 13 Wildtype
28 TP53/7/c.747G>T p.R249S 30 22 Not performed
29 CTNNB1/3/c.98C>T p.S33F 9 Wildtype Wildtype

KEAP1/3/c.932A>G p.H311R 17 Wildtype Wildtype
TP53/5/c.467G>C p.R156P 20 7 Wildtype

30 Wildtype Wildtype Not performed

Detected tumour protein alterations with mutations at nucleotide level and change at amino acid level given according to the standard
mutation nomenclature in molecular diagnostics [13]. Nonbold: complete agreement of next-generation sequencing results from EBUS-TBNA
and FB (3 subjects); bold: incomplete agreement of next-generation sequencing results from EBUS-TBNA and forceps biopsy (seven subjects).
EBUS-TBNA: endobronchial ultrasound-guided transbronchial needle aspiration; FB: forceps biopsy; TP53: tumour protein 53; KRAS: Kirsten
rat sarcoma viral oncogene homologue; EGFR: epidermal growth factor receptor; PTEN: phosphatase and tensin homologue); PIK3CA:
phosphatidylinositol-4,5-bisphosphate 3-kinase, catalytic subunit α; KEAP1: Kelch-like ECH-associated protein 1; NFE2L2: nuclear factor,
erythroid 2-like 2; CTNNB1: catenin-β1.

#: comparison of EBUS-TBNA and FB results not possible.
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Our study is limited by the low number of cases. Conclusions must be drawn with caution. As the design
is prospective with the sequence of endoscopic sampling performed in a randomised order, the data may
be regarded as robust and hypothesis generating.

In central lung cancer, the combination of FB and EBUS-TBNA for tissue sampling may improve the
detection rate of oncogenic mutations and PD-L1 positivity. Large multicentre studies are necessary to
prove this hypothesis.
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